• Nature of client language matters.
Introduction
Motivational interviewing (MI; Miller & Rollnick, 2013 ) is a clientcentered approach focused on eliciting client language in order to guide clients towards behavior change. Not only is this brief (i.e., 1-2 sessions), empathic, and strength-based intervention highly effective across a number of substance use and health risk behaviors (e.g., Hettema, Steele, & Miller, 2005; Lundahl, Kunz, Brownell, Tollefson, & Burke, 2010) , it is a particularly good fit with wary recipients, such as non-treatment-seeking emerging adults (McCambridge & Strang, 2004) . This may be due to the non-judgmental, empathic, and collaborative approach of MI (Miller, Villanueva, Tonigan, & Cuzmar, 2007) , whereby the individual's own values, opinions, and arguments for change are the most valued and reflected part of the therapeutic discussion. However, despite the promise of MI with young problem drinkers (Larimer & Cronce, 2007) , the range of observed effect sizes indicates that there is still substantial room for improvement (Carey, Carey, Maisto, & Henson, 2006) . Evaluating salient treatment modulators offers one way to examine, and ultimately to target and strengthen, active treatment ingredients.
One innovative way to investigate potential modulators of treatment response is through a translational perspective. Translational investigations actively integrate brain-based and clinical approaches to facilitate a more sensitive measure of factors that might influence treatment response (Potenza, Sofuoglu, Carroll, & Rounsaville, 2011; Thayer & Hutchison, 2013) . Functional neuroimaging appears to be a particularly promising avenue to identify salient treatment modulators (Hutchison, 2010) . Thus far, initial neurocognitive evaluations of behavioral treatments, including MI, have mirrored the psychosocial literature (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011; Houck, Moyers, & Tesche, 2013) . These studies have shown the importance of client speech in favor of behavior change, or change talk (CT; I'm worried about my drinking), and the risks associated with client speech supporting the behavioral status quo (sustain talk, ST; Drinking is fun).
While psychosocial evidence highlights the relevance of CT as a treatment target across both the psychosocial (Miller & Rose, 2009 ) and the neurocognitive fields (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011; Houck et al., 2013) , the nature of CT remains under-explored. More specifically, while it is clear that eliciting client statements in favor of change positively impacts treatment outcomes, it is unclear where the power lies -within the change statements themselves, or in their genesis. This is relevant to direct practice, as the MI treatment literature encourages certain clinician approaches and strategies to evoke more withinsession client CT (Miller & Rollnick, 2013) . However, if organic, within-session client CT (Self-Generated CT) catalyzes the same brainbased effects as simply stating or repeating what an interventionist might want to hear (Experimenter-Selected CT; e.g., I will stop drinking), then it stands to reason that a therapeutic session with a behavioral health professional might not, in fact, be necessary to successfully achieve behavior change. This would suggest that problem drinkers could simply repeat therapist-provided statements in the absence of a therapeutic interaction in order to arrive at the same clinical results. Furthermore, at this time, existing behavioral client language coding systems cannot discriminate between organic utterances that stem from the client, and statements that sound like CT, but which may in fact reflect repetitions of provider language (Glynn, Hallgren, Houck, & Moyers, 2012; Moyers, Martin, Manuel, Hendrickson, & Miller, 2005) . Thus, a neurocognitive evaluation offers a unique way to access and evaluate whether CT must be elicited within the context of a therapeutic interaction in order to be effective.
This preliminary study sought to determine how the nature and origin of CT may influence brain response within non-treatment-seeking heavy drinkers, who have been shown to be highly responsive to MI (Larimer & Cronce, 2007) . Consistent with our empirically-informed working translational model (Feldstein Ewing, Karoly, & Houck, 2014) , we posited that the pattern of activation would follow the process of self-appraisal and perception observed within Bem's (1967) historic work in this area. Concretely, it is our position that as a person generates (and hears) their own thoughts, language and reasons for changing their drinking behavior (CT), they may re-evaluate their alcohol use, including their experienced benefits and costs of drinking, and its potential fit within their self-view and image. In terms of relevant brain regions, during a true therapeutic exchange, we suggest that individuals engage areas important to self-awareness and introspection, as well as regions critical to reward. Prior studies within both the addiction literature more broadly, and the emerging field of treatment response, suggest that those regions include the inferior frontal gyrus (IFG), (anterior) insula (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011; Krishnan-Sarin et al., 2013; Seo, Choi, Chung, Rho, & Chae, 2014; Stewart et al., 2014) , and superior temporal gyri Goudriaan, de Ruiter, van den Brink, Oosterlaan, & Veltman, 2010; Schacht, Anton, & Myrick, 2013) .
Understanding how, where, and why MI activates relevant brain regions is critical to targeting and strengthening areas of response to make treatment more effective for this population. Thus, for this study, our goal was to begin to deconstruct these theoretical relationships, to concretely evaluate brain-based modulators. We posited that CT which was spontaneously generated by the individual within a therapeutic context (Self-Generated CT) would be associated with significantly greater blood oxygenation level dependent (BOLD) response in relevant self-awareness regions (e.g., IFG, insula, superior temporal gyri), as compared to having clients read a list of pre-provided set of statements that "sound like" CT in the absence of an MI session (Experimenter-Selected CT).
Materials and Methods

Participants
Following other studies examining MI with non-treatment seeking, heavy drinking emerging adults (Walters, Vader, Harris, Field, & Jouriles, 2009) , introductory psychology students were recruited to participate in return for class credit. All procedures were approved by the university Institutional Review Board and under the protection of a federal Certificate of Confidentiality. Similar to other studies (Carey, Henson, Carey, & Maisto, 2007; Carey et al., 2006) , participants were required to be 18 to 25 years of age, report at least 4 episodes of binge drinking in the past month (defined as ≥4 drinks/occasion for females; ≥ 5 drinks/occasion for men), provide written informed consent, and meet fMRI safety criteria (e.g., no non-removable metal implants, claustrophobia, pregnancy/breastfeeding, and breath alcohol of 0 as verified by breathalyzer) (Filbey et al., 2008) . To facilitate generalizability, exclusionary criteria were kept purposefully broad. Thus, youth were neither screened for nor excluded on the basis of potential co-occurring neuropsychiatric disorders, somatic conditions, or co-occurring substance use. Participants received $60 in return for participation.
Sixty-five participants were eligible, with 53 assigned to the SelfGenerated condition (n = 26) and Experimenter-Selected condition (n = 27; see Fig. 1 ). Of the 48 with scan data, 39 had minimal head motion within the selected threshold (b3 mm translational and b 3 degrees rotation). All analyses were therefore conducted with the final sample of 39. This sample was, on average, 19.9 years old (SD =1.64), 40.9% male, 52.9% Caucasian, 30.7% Hispanic, and 7.9% bi-or multi-racial (see Table 1 for demographics). There were no significant demographic differences between groups.
Procedures
This study was part of a larger treatment mechanisms investigation (Feldstein Ewing, Houck, Truitt, & McEachern, 2013) . Within this component, participants completed a psychosocial assessment and an fMRI paradigm designed to assess the strength of CT and ST. The SelfGenerated group completed a behavioral assessment and MI session during their first appointment. The Experimenter-Selected group completed a behavioral assessment during their first appointment, but did not receive an MI session. All fMRI sessions occurred within 1 week of the behavioral assessment.
Behavioral assessment
At the assessment session, participants completed measures of demographics and alcohol use. The demographics questionnaire queried age, gender, education, and race/ethnicity.
2.2.1.1. Problem Drinking. We evaluated the three drinking behaviors to characterized the spectrum of problem drinking within this age group (e.g., LaChance, Feldstein Ewing, Bryan, & Hutchison, 2009 ): average amount consumed per drinking occasion, hazardous drinking symptoms, and alcohol-related consequences. Sobell & Sobell, 1992) . This interviewer-administered measure utilizes a calendar format to yield data regarding the type of alcohol most frequently consumed, quantity of alcohol use (drinks per drinking day), and frequency of alcohol use (alcohol use days) and hazardous drinking (binge drinking days) during the past month.
Past Month Average Drinks Per Drinking Day (DDD) (TLFB;
2.2.1.3. Hazardous Drinking. The Alcohol Use Disorders Identification Test (AUDIT; Babor, Higgins-Biddle, Saunders, & Monteiro, 2006) contains 10 items to assess hazardous drinking symptoms. With a cut score of 10, recent studies (Kelly, Donovan, Chung, Cook, & Delbridge, 2004) have utilized this measure to detect hazardous drinking behaviors and the likelihood of meeting criteria for alcohol use disorders (AUDs).
2.2.1.4. Alcohol-Related Problems. The Rutgers Alcohol Problem Index (RAPI) is a gold standard measure of alcohol-related problems with young samples (White & Labouvie, 1989) . It is the instrument of choice to assess alcohol-related problems across a number of studies with this age group (Walters et al., 2009 ).
Client statements: Self-Generated Group.
All youth in this condition received one 60-minute MI session targeting behavior change around alcohol use. Similar to other MI interventions (Walters et al., 2009) , the MI followed a manualized approach (Feldstein Ewing & Moyers, 2008) African-American = 0 (0%) Asian = 1 (6.3%) Asian = 0 (0%) Native American = 0 (0%) Native American = 1 (4.8%) Bi-/Multi-racial = 1 (6.3%)
Bi-/Multi-racial = 2 (9.5%) Past month Drinking Days (TLFB) 9.89 (6. PhD-level therapists, and were audio-recorded to monitor intervention fidelity and to facilitate the fMRI paradigm. Following the team's prior work (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011) , five unique CT and five unique ST statements were extracted from the MI session to use in the fMRI paradigm.
Client statements: Experimenter-Selected group
The goal of this condition was to have participants provide an audiorecorded set of CT and ST statements that would parallel statements made by their peers. To yield the greatest ecological validity, the five most frequently-occurring CT and ST statements were extracted from the Self-Generated condition (e.g., CT: Drinking is getting in the way of my school; Drinking is bad for my health; Drinking is affecting my relationships; I don't want to become an alcoholic; I don't want to lose everything I have worked for; ST: I like drinking -it's fun; Drinking isn't causing me any problems; Drinking helps me be more social; I'm happy right now -why should I change?; Drinking helps me when I'm stressed out). Immediately following their completion of the behavioral assessment measures, in this condition, youth were asked to read aloud the 5 provided CT and 5 ST statements to gather the requisite audio-recordings for the fMRI paradigm.
Scan session
Participants abstained from alcohol for 24 hours, and from caffeine and cigarettes for 2 hours prior to scanning (verified by self-report and breath alcohol) to avoid having these substances interfere with estimates of brain activation.
Imaging Parameters.
MRI images were collected using a 3 T Siemens Trio whole body scanner equipped with Sonata gradient subsystem (40 mT/m amplitude, 200 μs rise time, 100% duty cycle) and a 12-channel receive head phased array coil combined with body coil transmission to achieve greater sensitivity in cortical areas. Whole brain fMRI scans were collected using a gradient echo, echoplanar sequence with ramp sampling correction using the intercomissural line (AC-PC) as a reference (TR: 2.0 s, TE: 27 ms, α: 70°, matrix size: 64 × 64, 32 slices, voxel size: 3 × 3 × 4 mm). A tilting acquisition similar to that reported in Filbey et al. (2008) was used to increase signal-to-noise in the orbitofrontal cortex. A high resolution anatomical MRI scan was collected with a T1-weighted multi-echo Magnetization Prepared Rapid Gradient Echo or MPRAGE (MEMPR) with TR/TE/TI = 2300/2.74/900 ms, flip angle = 8°, FOV = 256x256 mm, slab thickness = 176 mm, matrix = 256 × 256 × 176, voxel size = 1 × 1 × 1 mm, number of echoes = 5, pixel bandwidth = 650 Hz. A volume set-up established ideal audio levels.
fMRI task
Assessing the effects of CT and ST statements on brain activity were modeled upon a prior fMRI task (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011) . We were interested in the neural processes during client language (other behavioral factors were evaluated within Feldstein . Thus, all fMRI analyses focused only on the relationship between client language and BOLD activation. In this block design, to ensure an adequate number of trials, and increase the signal-to-noise ratio, we pseudo-randomly presented participants with each of the 5 change talk (CT) and 5 sustain talk (ST) statements twice, yielding 10 CT and 10 ST statements per participant over the course of 4 runs. All runs were counterbalanced by randomly assigning the administration order. For a single run, each trial started with a 16-second audio clip of the participants' audiorecorded statements simultaneously with a visual presentation of the client's transcribed CT and ST statements. Statements were presented visually as well as aurally to assist comprehension during moments of loud, ambient noise within the scanner, which can sometimes make hearing auditory stimuli difficult. To serve as an additional level of control, all participants completed an audio set-up (volume adjustment) prior to the scan to ensure their ability to hear the audio stimuli. In addition, all participants completed a post-scan assessment to verify their ability to hear each presented statement. Further details regarding the fMRI task design are readily available upon author request.
fMRI data analysis
Functional imaging time series were processed using SPM8 (Wellcome Department of Imaging Neuroscience, London, UK). The first seven volumes of each EPI run were discarded to allow the MR signal to reach steady state. Standard pre-processing steps were followed: (1) motion correction using SPM's realignment module (Friston et al., 1995) ; subjects with N3 mm translation or 3 degrees rotation were excluded from analyses (n = 9); (2) slice timing correction; (3) normalization into the Montreal Neurological Institute (MNI) standard space (Ashburner & Friston, 1999) ; and (4) smoothing with a 10 mm (full-width half-maximum) Gaussian kernel.
fMRI signal intensity was scaled by its grand mean and the data were high-pass filtered (filter frequency 1/128.0 Hz). Serial correlations in the data were modeled using the auto-correlation correction with order 1 [AR(1)] (Purdon & Weisskoff, 1998) . The regressors (presentation of CT and ST) were created by convolving the stimulus timing files with the canonical hemodynamic response function characterized by two gamma functions, one modeling the peak and the other modeling the undershoot of a typical BOLD impulse response in SPM. The rating period was modeled as a condition of no interest to remove the effect of BOLD signal evoked by the rating task. The remaining conditions were not modeled and formed the implicit baseline for the design matrix. Standard voxel-by-voxel GLM analysis (Friston, Ashburner, Kiebel, Nichols, & Penny, 2007) of the pre-processed functional time series was performed against the resultant design matrix generating beta maps for each condition (CT relative to baseline; ST relative to baseline).
To our knowledge, we are the first to investigate brain mechanisms that underlie change language in this manner. Thus, to evaluate study hypotheses, we conducted independent samples t-tests to determine between-group differences, using an uncorrected p b 0.001, cluster threshold ≥ 720 μl [20 voxels]. The anatomical localization for the regions of activation was confirmed using the Talairach Daemon software and verified visually (Lancaster et al., 2000) . Multi-slice overlay of activation maps was obtained using xjView (Cui, Li, & Song, 2010) .
Results
Alcohol Use and Demographic Variables
Across groups, this sample reported heavy drinking and related symptoms (see Table 1 ), as indicated by their overall frequency of drinking (past month M = 8.28 drinking days), their frequency of high-risk, binge drinking (past month M = 4.97 binge drinking days), and their average quantity of consumption (past month M = 5.61 drinks per drinking day). In addition, participants showed high levels of hazardous drinking (M = 10.38, as assessed with the AUDIT), and alcohol related problems (M = 7.22, as assessed with the RAPI). Overall, we found no differences in alcohol use or related symptoms, with the exception of binge drinking, whereby the Self-Generated group reported significantly more binge drinking. To address this issue, we re-analyzed the data controlling for binge drinking. No significant differences were observed. Thus, the original analyses were retained.
Group Differences in
Change Language: Self-Generated vs. Experimenter-Selected
Change Talk (CT)
We observed significant differences between the Self-Generated and Experimenter-Selected groups during CT, indicating a group-based differential pattern of response to statements in favor of behavior change (CT). Specifically, during CT, the Self-Generated group showed significantly greater BOLD activaty than the Experimenter-Selected group in the fronto-insular cortex (IFG, anterior insula), occipital lobe (fusiform gyrus, middle and inferior occipital gyri), and parietal lobe (supramarginal gyrus), with additional clusters in the middle and superior temporal gyri (see Table 2 for areas and effect sizes; Fig. 2 ). In contrast, during CT, the Experimenter-Selected group showed significantly greater BOLD activaty than the Self-Generated group in just the precentral gyrus.
Sustain Talk (ST)
We also observed significant differences between the Self-Generated and Experimenter-Selected groups during ST, demonstrating a groupbased differential pattern of response to statements in favor of sustaining drinking behavior (ST). During ST, the Self-Generated group had significantly greater BOLD activity than the Experimenter-Selected group in the supramarginal, fusiform gyrus, middle temporal gyri, frontal lobe (IFG), and sub-lobar regions (thalamus; see Table 2 for areas and effect sizes; Fig. 3 ). During ST, there were no areas where the Experimenter-Selected group showed significantly greater BOLD response than the Self-Generated group (see Table 2 ).
Manipulation Check
To check the experimental manipulation, following their fMRI scan, participants in the Experimenter-Selected condition (only) completed a Likert-scaled measure indicating their agreement with each of the 10 statements provided to them in their fMRI paradigm [5 CT and 5 ST; "On a scale of 1 (totally disagree) to 10 (totally agree), please rate how much you agree with each of the following statements"]. Participants reported equal agreement for both the provided CT (M = 6.18) and ST statements (M = 6.73). To determine how their level of agreement with the statements corresponded with brain activation, we regressed BOLD activation during CT with participants' level of agreement with the provided statements. We found an area of positive activation in the lateral superior temporal gyrus (BA 38; coordinates = 44, 18, − 28), suggesting that greater agreement with CT corresponded with greater BOLD activation for the Experimenter-Selected group. We also assessed BOLD activation during ST and participants' level of agreement. We found no areas of significant activation, indicating that participant agreement with the ST statements did not appear to drive the observed outcomes for the Experimenter-Selected group.
Conclusions
The goal of this study was to employ a creative, translational approach to evaluate how the nature and origin of change talk (CT) may differentially influence brain response. Several studies have found that contemplating personally-relevant, substance-related consequences is associated with both behavioral and brain-based changes (Kober, Kross, Mischel, Hart, & Ochsner, 2010) , and that this selfreferential processing may occur in areas important to self-awareness, including the IFG, (anterior) insula (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011; Krishnan-Sarin et al., 2013; Seo et al., 2014; Stewart et al., 2014) , and superior temporal gyri Goudriaan et al., 2010; Schacht et al., 2013) .
Thus, for this study, we posited that change statements spontaneously generated by the client within the context of a true MI session (Self-Generated CT) would result in significantly greater BOLD activation in areas related to self-awareness (e.g., IFG/anterior insula, middle and superior temporal gyri), as compared with statements that "sound like" CT, but were not generated by the client during a therapeutic session (Experimenter-Selected CT). Supporting and extending our study hypotheses, we found that the Self-Generated group not only had significantly greater activation for CT, but also for ST, in the left IFG/anterior insula as well as middle and superior temporal gyri. We believe that these results reflect the neurocognitive processes that occur during a therapeutic intervention.
More concretely, the greater activation of these regions for the SelfGenerated group are in line with recent translational theory (Feldstein Ewing, Filbey, Hendershot, McEachern, & Hutchison, 2011) and empirical data indicating the involvement of introspective areas, such as the frontal lobe and insula, in behavioral treatment outcomes (DeVito et al., 2012; Vollstadt-Klein et al., 2011) . These studies suggest that having clients generate their own thoughts and reasons for change within the context of a behavioral intervention may more strongly activate neurocognitive areas important in introspection and personal connection, than if they simply repeat similar statements. Building upon the psychosocial literature, these data also indicate the importance of client-generated language (i.e., self-generated CT and ST) by demonstrating elevated response in relevant neural substrates.
While the Experimenter-Selected group did not show significantly greater BOLD response than the Self-Generated group during ST, they did show slightly greater activation than the Self-Generated group during CT in the precentral gyrus. Potentially due to its involvement in motor function, greater precentral gyrus activity has been attributed to greater effort (Han et al., 2011; Tapert et al., 2004) . In this case, this finding may represent the greater effort required by participants to process unfamiliar, potentially less personally-relevant third-party ST, as contrasted with self-generated reasons for staying the same.
Together, these data also have important implications for direct practice. To that end, this study indicates that when participants do not produce their own self-relevant change language in the context of a true therapeutic relationship, such as stating what therapists may want to hear or parroting change language, relevant brain-based changes may not be initiated. Taken a step further, these brainbased data may suggest that MI-inconsistent therapist behaviors (e.g., confront, warn, advise without permission) (Moyers & Martin, 2006) , which do not engage clients in the active process of selfreflection may be unlikely to generate the observed pattern of brainbased activation, and ultimately, related behavior change. Instead, an evocative conversation with a therapist, where clients are drawn forth to spontaneously provide self-relevant statements, may be critical to successful clinical treatment outcomes. Table 2 Regions of increased BOLD response to Change Talk (CT) and Sustain Talk (ST) in the SelfGenerated (n =18) vs. Experimenter-Selected group (n =21).
# voxels
Localization BA x (mm) y (mm) z (mm) Max t d
Change Talk Condition (Self-Generated N Experimenter-Selected) This study offers a preliminary step toward understanding the biological correlates of spontaneous and personally-relevant client language. While this study has several strengths, findings must be interpreted in the context of the limitations. First, to evaluate study hypotheses, the design of this study required that the Self-Generated group differ from the Experimenter-Selected group in two ways: the Self-Generated participants generated their own CT statements, and also spent 60 minutes with a therapist who was actively working with them to elicit their natural change language. The ExperimenterSelected group had no opportunity to work with someone who actively elicited their change language and/or who provided any context or rationale supporting the reasons or importance of changing prior to the presentation of their change statements in the scanner. Thus, only one experimental group received a true clinical treatment session (MI) prior to the scan. Despite our efforts to present an ecologically-valid set of statements in the comparison condition, we were unable to ensure that the presented statements "made sense" to the recipients of the Experimenter-Selected condition. Future work comparing how active ingredients contrast across two different therapeutic approaches, as well as within an MI-inconsistent "sham" session (e.g., one focused on advising participants to stop drinking), represents an important next step. This would facilitate the ability to control for and compare the clinical nature, clinical presentation and rationale, and relevance of the statements between groups. Second, the results may, in part, reflect self-versus other-effects, along with clinically-relevant changes. Third, due to institutional issues in approval, participants were run sequentially rather than being randomized to each condition. Simultaneously conducted, randomized controlled trials are preferable for future work. Fourth, while memory is likely to be important in treatment response (Wilcox, Dekonenko, Mayer, Bogenschutz, & Turner, 2014) , we did not observe relevant activation in brain memory areas, which we would expect if observed outcomes were being driven by memory processes. Fifth, while matched across all other demographic and clinical variables, the two groups had different levels of binge drinking; matching on this variable to control for this potential issue is an important consideration for future studies. Sixth, although current scanner limitations preclude conducting MI in vivo within the context of fMRI (Feldstein Ewing, Filbey, Sabbineni, & Hutchison, 2011) , other brain-based methodologies permit a temporally-sensitive evaluation of brain response during therapy (magnetoencephalograpy) . Our team continues to brainstorm ways to extend this in vivo work to the fMRI modality. Finally, while this is a preliminary examination, our effect sizes indicate that this study is an important first step, suggesting that it is not simply CT, but spontaneous, personally-relevant change talk made in the context of a therapeutic exchange that is critical in client change language.
Role of Funding Sources
This research was supported by: DE-FG02-08ER64581 (MRN/DOE); PI: Feldstein Ewing. MRN/DOE had no role in the study design, collection, analysis, or interpretation of the data, writing the manuscript, or in the decision to submit the paper for publication.
Contributors
SFE and FF designed the study. SFE wrote the protocol and oversaw the study administration. FF oversaw all statistical analyses. UY conducted all statistical analyses. SFE wrote the first draft of the manuscript. All authors contributed to and have approved the final manuscript.
Conflict of Interest
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